Enteric infections induce a response of circulating pathogen-specific antibody-secreting cells (ASC). The expression of homing receptors (HRs) on these cells was studied in patients with diarrhea caused by Vibrio cholerae in Bangladesh, an area in which cholera is endemic. The gut HR, a 4 b 7 , was expressed by Ç80% of the ASC, indicating mucosal homing of these cells. However, the peripheral lymph node HR, L-selectin, was also expressed by Ç80% of the ASC specific to either cholera toxin or O antigen. In earlier findings after oral immunization in nonendemic areas, a 4 b 7 has been expressed by Ç100% and L-selectin by Ç50% of the ASC. In comparison, the present data speak for a more systemic targeting of the immune response associated with long-lasting immunity in an endemic area. The results thus provide insight for the continued development and evaluation of vaccines.
Enteric infections associated with acute watery diarrhea high endothelial venules, and their ligands, the homing receptors (HRs), on lymphocytes, as well as other non -tissue-specaused by Vibrio cholerae result in substantial morbidity and mortality in children and adults every year in developing councific adhesion molecule combinations [8 -11] . We have recently shown that patients infected with V. choltries [1, 2] . Even though the use of effective rehydration therapy has made a significant impact on mortality, it has little effect erae O1 or O139 exhibit a response of circulating ASC specific to cholera toxin (CT) and the O antigen (the lipopolysaccharide on morbidity. Since natural infection with this pathogen results in long-term protection [3] , a natural approach for controlling
[LPS]), with a peak response Ç7 days after the onset of diarrhea [12] . A similar antigen-specific response has been found in cholera is the development of effective, affordable vaccines [4] . A thorough understanding of the immune responses that patients with enterotoxigenic Escherichia coli diarrhea (Qadri et al., unpublished data) and diarrhea caused by Salmonella occur as a result of natural infection in an endemic area is essential.
species [13, 14] .
In the present study, we investigated the potential destination V. cholerae is a noninvasive enteric pathogen. The immune response is initiated by antigen presentation, followed by miof the circulating antigen-specific ASC by studying their expression of HRs. In cholera patients, in whom the ASC regration of the stimulated antigen-specific B cells to regional lymph nodes to differentiate into specific antibody-secreting sponses were directed to both the LPS and to the CT components, we could examine separately the effect of the nature of cells (ASC) [5] . These cells are distributed to appropriate tissues via the lymphatics and blood [5, 6] in accordance with the antigen (polysaccharide or protein) on the HR expression of the cells. The expression of homing-associated receptors was the concept of a common mucosal immune system [7] .
The migration of the stimulated cells into their effector sites used to study the homing potentials of the pathogen-stimulated lymphocytes: a 4 b 7 as the gut HR [15 -17] , L-selectin as the proceeds via specialized high endothelial venules [8 -11] . The lymphocytes migrate into their target tissues guided by a comperipheral lymph node HR [18 -21] . The stage of maturation of the ASC was evaluated by determining the expression of bination of tissue-specific adhesion molecules, addressins, on HLA-DR [22, 23] and CD28 [24] , expressed at the early and late stages of the B cell differentiation process, respectively. This information would provide insight into the mechanisms 50 years (median, 26). The control group consisted of 8 healthy volunteers (6 men and 2 women, aged 20-45 years [median, 27]) from Dhaka. Ten milliliters of heparinized venous blood was collected from the patients at the acute stage after their rehydration in the hospital (day 2 or 3 after the onset of illness, designated d2 samples) for the determination of receptor expressions on all immunoglobulinsecreting cells (ISC). Twenty milliliters of blood for ASC and ISC determinations was also obtained at convalescence, 7-12 days after the onset of disease (designated d7 samples), when possible (see Results). From the healthy volunteers in the control group, 1 blood sample of 10 mL was obtained. Figure 1 . Geometric mean ({SE) of antibody-secreting cells Stool samples of patients and controls were screened for V.
(ASC) specific to Vibrio cholerae O1 or O139 lipopolysaccharide cholerae O1 and O139 as described earlier [25] . Stool samples (LPS) or cholera toxin B subunit (CTB) in peripheral blood of patients were also cultured to detect other enteric copathogens, including with watery diarrhea caused by V. cholerae (n Å 12) on day average 10% of total LPS-specific IgA ASC (range, 0 -69%).
Determination of all ISC. All ISC were quantified with ELISOf the 12 patients, 10 had ASC responses against CT ex-POT as above for ASC, except that the plates were coated with ceeding the inclusion limit of 20 spots (figure 1 13%) . A somewhat lower expression of L-selectin was found on ISC of the patients on day 2 (34% { 7%; n Å 15; P ú .05 for both LPS and CT). On day 7, the expression of L-selectin on ISC was 54% { 8% (n Å 11). This increase was statistically not significant. No difference was found in the expression of these HRs between the various isotypes (data not shown). The low number of patients with sufficient spots for IgA2 did not allow proper comparison between the two IgA subclasses (data not shown).
Expression of maturation markers. HLA-DR, a major histocompatibility complex class II antigen expressed by differentiating B cells, was expressed by 69% { 9% (n Å 9) and 67% { 12% (n Å 7) of the LPS-and CT-specific ASC, respectively ( figure 3A) . In the control group, it was expressed on 43% { 11% of the ISC (n Å 8). It was expressed on 29% { 5% (n Å 15) and 50% { 8% (n Å 12) of patients' ISC on days 2 and 7, respectively (P ú .05). Day 7 ISC differed significantly from both LPS-and CT-specific ASC (P õ .01 for LPS-ASC and P õ .05 for CT-ASC).
CD28, a proposed plasma cell marker, was expressed on 42% { 14% (n Å 8) of the LPS-specific ASC and 36% { ISC. The numbers of all ISC (IgA1, IgA2, IgG, and IgM) of the patients were studied both in the acute phase of the disease (day 2) and in the convalescent stage (day 7). Compared with the values of the controls living in the same endemic area, the number of ISC were significantly higher on both days 2 and 7 (geometric mean, 792/10 6 PBMC for controls and 1669 and 2007/10 6 PBMC for d2 and d7 samples of patients, respectively; P õ .05 for both). The difference in the number of ISC between d2 and d7 samples was not significant.
Expression of HRs. The gut HR a 4 b 7 was expressed on 81% { 6% (n Å 9) of the LPS-specific ASC and 83% { 7% (n Å 10) of the CT-specific ASC of the patients ( figure 2A) . Both of these values were significantly higher than the expression of a 4 b 7 found on ISC of healthy volunteers (42% { 10%; n Å 8; P õ .01 for both comparisons).
On day 2, 30% { 5% of the ISC of the patients (n Å 15) expressed a 4 b 7 (P õ .001 compared with LPS-specific ASC and P õ .01 compared with CT-specific ASC). It increased to 62% { 7% on day 7 ISC (n Å 11; P õ .01); this was signifi- of thinking is strongly supported by our recent study in Finland, where results similar to these (high proportions of both a 4 b 7 -Discussion and L-selectin -positive ASC) were found after an oral secondary immunization of volunteers primed either orally or parenThe present study investigated the targeting of the immune response in a severe enteric infection caused by V. cholerae, terally with S. typhi Ty21a (Kantele et al., unpublished data). Moreover, in accordance with this is the finding that some known to induce long-lasting immunity [3] . In a series of studies in Finland, we have determined the expression of HRs on memory B lymphocytes express both a 4 b 7 and L-selectin [32] . The fact that the proportion of L-selectin expressing cells pathogen-specific ASC and total ISC from patients with diarrhea caused by Salmonella species or Campylobacter jejuni among ASC increases on secondary mucosal contact with the antigen could be a result of several different mechanisms: a [14] (Kantele et al., unpublished data) . In addition, specific ASC after oral or parenteral vaccination with a Salmonella wider participation of nonmucosal tissues (e.g., peripheral lymph nodes or bone marrow) in the secondary immune retyphi Ty21a vaccine [18] , after oral immunization with bivalent B subunit -O1/O139 whole cell cholera vaccine (Kantele et al., sponse, recirculation of the L-selectin -expressing cells to the Peyer's patches (see [33] ) to amplify the immune response, unpublished data), and after parenteral vaccination with tetanus or pneumococcal vaccines have been studied [14] [31] . Consistent with these findings, we now found that the mucosal recently been described in nonobese diabetic mice [34] . On the basis of our results, this could well be explained by a continustimulation in cholera induced mostly (Ç80%) a 4 b 7 -expressing ASC to both the LPS and the toxin components of the bacteria.
ous exposure to the self-antigens and be comparable to secondary contact with the enteric pathogens in our studies. Interestingly, however, and in contrast to the findings from Finland and Sweden, most (Ç80%) of the LPS-and CT B When determining the expressions of HLA-DR and CD28, no obvious changes were observed in the patient ISC or ASC subunit -specific ASC expressed L-selectin, in spite of the mucosal route of antigen introduction.
between the two time points studied. Similarly, no differences were found in the stage of maturation between the patient When comparing the results of the present study with those obtained in studies conducted in Finland or Sweden, one should ISC or ASC and the control ISC. An unambiguous receptor expressed only by plasma cells has not been described as yet. keep in mind that some fundamental differences exist between an endemic versus a nonendemic area. Differences in genetics
The IgA subclass analysis revealed a lower proportion of IgA2 ASC in patients with cholera in Bangladesh (10%) than in Finnish and nutrition, in antigen load, and in gut cytokine environment (healthy vs. mild vs. severe state of disease) may exist between patients with Salmonella-induced diarrhea (33%; Kantele et al., unpublished data). Possible explanations include different sites the groups of volunteers studied and also contribute to the differences in the observed immune responses. Moreover, in of antigen stimulation (the upper vs. lower parts of the intestine)
[35], the probable secondary nature of the infection, or genetic Finland and Sweden, the volunteers were mainly healthy persons receiving vaccines, whereas in Bangladesh the patients differences known to exist between races [36] . Hospitalized patients with cholera are severely dehydrated were severely ill and their intestinal epithelium damaged: In these patients, increased numbers of absorbed antigens could and under considerable physical and physiologic stress, which most likely affects their neuroendocrine homeostasis [37] . Hyevoke more effectively systemic immune responses and thus account for the increased proportion of L-selectin -expressing povolemia can be thought to increase the possibility of cell-cell contacts and the probability of lymphocyte -high endothelial cells. Finally, whereas in Finland and Sweden the encounter with the pathogen or vaccine strain represented a primary convenule adhesion leading to extravasation of lymphocytes. The changes in corticosteroid production due to stress also alter the tact, in Bangladesh cholera is endemic, and previous exposures associated with symptomatic or asymptomatic infection are expression of various adhesion molecules of the cells [38] .
The induction of shedding of L-selectin from granulocytes and common [3, 25] . In our view, it seems plausible that the differences in the immune responses would be due to a secondary monocytes has been reported on contact with various activators as well as in bacteremia or sepsis of newborns [19, 38, 39] . In nature of the immune response elicited, and the targeting of / 9d46$$ju11
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